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A rail welding method and device are provided. The method
includes: welding a bottom of rail, wherein welding is
repeatedly performed along a first swing trajectory in a
lengthwise direction of a weld seam, from one end of the
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a waist of rail, wherein welding is repeatedly performed in
the lengthwise direction of the weld seam along a second
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respective welding in a width direction of the weld seam;
and welding a head of rail, wherein welding is performed in
the lengthwise direction of the weld seam along the first
swing trajectory, between one end of the head of rail and the
other end of the head of rail.
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1
RAIL WELDING METHOD AND DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage Application, filed
under 35 US.C. § 371, of International Application No.
PCT/CN2022/072996, filed Jan. 20, 2022, which interna-
tional application claims priority to China Application No.
202110371492, filed on Apr. 7, 2021 in China National
Intellectual Property Administration and entitled “RAIL
WELDING METHOD AND DEVICE”, which application
is hereby incorporated by reference in its entirety.

BACKGROUND

Technical Field

The present disclosure relates to the technical field of
welding, specifically, to a rail welding method and device.

Description of Related Art

With the development trend of high-speed and heavy-load
modern railways, trains also put forward higher require-
ments for running tracks using jointless construction with
higher quality and higher operational capacity. Due to the
limitation of rail manufacturing and transportation, a weld-
ing technology needs be adopted in laying and daily main-
tenance of jointless tracks. The existing rail welding tech-
nology can be divided into mobile welding and in-situ
welding according to different application occasions, and the
in-situ welding technology can also be divided into thermit
welding and manual forced forming arc welding.

At present, thermit welding is the only in-situ rail welding
technology adopted in China. However, the thermit welded
joint is the weakest procedure in a current jointless track due
to its internal cast structure and low welded joint perfor-
mance, so that the thermit welding is unable to meet the
growing needs of modern railways. In the manual forced
forming arc welding, the performance of a welded joint is
high, but the quality of the welded joint is greatly affected
by human factors, and the manual forced forming arc
welding is only widely used in Japan. Therefore, developing
an automatic rail arc welding technology is of great signifi-
cance to improve the joint quality of the jointless track.

In the rail automatic arc welding technology, welding
process trajectory parameters directly determine the perfor-
mance quality of welded joints, and welding automation
equipment is determined for the realization of welding
process. The existing rail arc welding technology mainly
adopts the manual forced forming arc welding, for example,
weld preheating is required. Welding wires with different
components are used to weld different portions of a rail
section by section, or using the gas shielded welding tech-
nology. The welding is continuous during the automatic rail
arc welding, and it is difficult to replace the welding wires.
The existing manual arc welding technology cannot meet the
requirements of the automatic rail arc welding.

In addition, the in-situ rail welding technology is mainly
used for welding operations in the field, so a self-shielded
flux-cored wire is required. Compared with the gas shielded
welding, the self-shielded flux-cored wire does not need an
additional protective gas source during welding, and a
welding gun is simple in structure, light in weight and easy
to operate. The self-shielded flux-cored wire has excellent
wind resistance, so that it can be usually used to perform
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welding smoothly under force-four wind. The self-shielded
flux-cored wire has a low requirement for the assembling
size and has excellent rust resistance. The self-shielded
flux-cored wire is widely used in oil pipelines, field build-
ings, ships and oil platforms. The self-shielded flux-cored
wire also has some shortcomings in welding. For example,
technical parameters are low in adaptability, the welding
technology and a welded joint have poor corresponding
repeatability in mechanical properties. It is difficult to con-
trol the welding technology and control the transition of
molten drops and there is also splashing, a lot of smoke and
O on.

In view of the above problems, there is no good welding
technology that can meet the requirements of the automatic
rail arc welding.

BRIEF SUMMARY

In view of the above situation, the present disclosure
formulates the rail automatic arc welding process according
to the characteristics and requirements of rail automatic arc
welding. This technology mainly includes welding gun
movement control, welding gun movement trajectory and
the corresponding welding process parameters. The different
technological parameters are used according to the shape of
different parts of the rail bottom, rail waist, rail and welding
heat input characteristics in the welding process to realize
the automatic arc welding of rail joint.
A rail welding method is provided, the rail including a
bottom of rail, a waist of rail and a head of rail. Weld joints
of the rail adopt vertical grooves, and are welded using a
narrow-gap side wall fusion welding method. The method
includes:
welding a bottom of rail, wherein welding is repeatedly
performed along a first swing trajectory in a lengthwise
direction of a weld seam, from one end of the bottom
of rail to the other end of the bottom of rail, to form
multiple weld layers, wherein the first swing trajectory
includes:
linearly welding a welding wire tip for a first side wall
welding length from a position at a second preset
distance from a side wall to the other end of the bottom
of rail, then performing welding in an arc to a position
at the second preset distance from the other side wall,
performing linearly welding for the first side wall
welding length to the other end of the bottom of rail,
and performing welding in an arc again to a position at
the second preset distance from the side wall;

welding a waist of rail, wherein welding is repeatedly
performed in the lengthwise direction of the weld seam
along a second swing trajectory, from one end of the
waist of rail, to form multiple weld layers,

wherein the second swing trajectory is divided into two

regions for respective welding in a width direction of
the weld seam; and

welding a head of rail, wherein welding is performed in

the lengthwise direction of the weld seam along the first
swing trajectory, between one end of the head of rail
and the other end of the head of rail, to form multiple
weld layers.

Optionally, the linearly welding a welding wire tip for a
first side wall welding length from a position at a second
preset distance from a side wall to the other end of the
bottom of rail, then performing welding in an arc to a
position at the second preset distance from the other side
wall, performing linearly welding for the first side wall
welding length to the other end of the bottom of rail, and
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performing welding in an arc again to a position at the
second preset distance from the side wall includes:
performing towards one end of the bottom of rail, welding
from a position at a first preset distance from the side
wall to a position at the second preset distance from the
side wall, wherein an angle between the wire tip and the
side wall is within a range of 0° to 45° at the second
preset distance;
performing linear welding for the first side wall welding
length to the other end of the bottom of rail, and then
welding in an arc to a position at the first preset distance
from the other side wall, wherein an angle of welding
in an arc is within a range of 130° to 180°;

performing, towards one end of the bottom of rail, weld-
ing to a position at the second preset distance from the
other side wall, wherein an angle between the wire tip
and the side wall is within a range of 0° to 45° at the
second preset distance;
then performing linear welding for the first side wall
welding length to the other end of the bottom of rail,
and then welding in an arc to a position at the first
preset distance from the side wall, wherein an angle of
welding in an arc is within a range of 130° to 180°;

wherein the second preset distance is shorter than the first
preset distance.

Optionally, the second swing trajectory includes:

performing welding to a position at a third preset distance

from the side wall, from a center of the weld seam at
one end of the waist of rail to the side wall;

then performing linear welding to the other end of the

waist of rail;

performing weaving welding to a position at the third

preset distance from the other side wall, and
performing linear welding to one end of the waist of rail;
performing weaving welding back to the center of the
weld seam at one end of the waist of rail,

performing welding to the other end of the waist of rail

along a center line of the weld seam,

performing, towards the side wall, welding to the position

at the third preset distance from the side wall;
performing linear welding towards one end of the waist of
rail, and

performing weaving welding to the position at the third

preset distance from the other side wall;

performing linear welding to the other end of the waist of

rail;

performing weaving welding to the center of the weld

seam at the other end of the waist of rail;

performing lifting back to the center of the weld seam at

one end of the waist of rail along the center line of the
weld seam.

Optionally, in the welding of the bottom of rail, after the
welding is performed from one end of the bottom of rail to
the other end of the bottom of rail along the first swing
trajectory in the lengthwise direction of the weld seam, a
welding gun is lifted to be moved to one end of the bottom
of rail along the center line of the weld seam, and the
welding along the first swing trajectory is performed;

in the welding of the head of rail, after the welding is

performed from one end of the bottom of rail to the
other end of the bottom of rail along the first swing
trajectory in the lengthwise direction of the weld seam,
the welding along the first swing trajectory is then
performed from the other end of the bottom of rail to
the other end of the bottom of rail.
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Optionally, a value of the second preset distance is
between 0.5 mm and 4 mm; and the first side wall welding
length is 4 mm to 16 mm.

Optionally, before the first swing trajectory,

the welding gun does a linear motion to be ignited along
the center line of the weld seam, and swings at an angle
of 40° to 90° to the position at the first preset distance
from the side wall.

Optionally, a self-shielded flux-cored wire is used for

welding.

Optionally, a width of the weld seam is between 15 mm
and 23 mm.

Optionally, a welding current for the bottom of rail is 170
At0 260 A, and an arc voltage is 19 V to 25.5 V, wherein a
welding current for a first layer is 170 Ato 210 A, and an arc
voltage is 19 V to 23 V; a welding current for other layers
of the bottom of rail is 200 A to 260 A, and an arc voltage
is 20.5 Vto 25.5 V,

a welding current for the waist of rail is 220 A to 250 A,

and an arc voltage is 21 V to 25 V; and

a welding current for the head of rail is 200 A to 240 A,
and an arc voltage is 21 V to 25 V.

The present disclosure further provides a rail welding

device, including:

a module for welding a bottom of rail, configured to
control a welding gun to perform repeated welding
along a first swing trajectory in a lengthwise direction
of a weld seam, from one end of the bottom of rail to
the other end of the bottom of rail, to form multiple
weld layers;

further including a first swing trajectory unit, configured
to control the welding gun to complete a first swing
trajectory, the first swing trajectory includes:

performing, towards one end of the bottom of rail, oblique
welding from a position at a first preset distance from
a side wall to a position at a second preset distance from
the side wall;

then performing linear welding for a first side wall
welding length towards the other end of the bottom of
rail; performing welding in an arc to a position at the
first preset distance from the other side wall; perform-
ing, towards one end of the bottom of rail, oblique
welding to a position at the second preset distance from
the other side wall; performing linear welding for the
first side wall welding length towards the other end of
the bottom of rail; and performing welding in an arc to
the position at the first preset distance from the side
wall,

wherein the second preset distance is shorter than the first
preset distance;

a module for welding a waist of rail, configured to control
the welding gun to perform repeated welding in the
lengthwise direction of the weld seam along a second
swing trajectory, from one end of the waist of rail, to
form multiple weld layers;

further including a second swing trajectory unit, config-
ured to control the welding gun to complete the second
swing trajectory, the second swing trajectory including:

performing welding to a position at a third preset distance
from the side wall, from a center of the weld seam at
one end of the waist of rail to the side wall;

then performing linear welding to the other end of the
waist of rail;

performing weaving welding to a position at the third
preset distance from the other side wall,

performing linear welding to one end of the waist of rail;
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performing weaving welding back to the center of the
weld seam at one end of the waist of rail,

performing welding to the other end of the waist of rail
along a center line of the weld seam,

performing, towards the side wall, welding to the position
at the third preset distance from the side wall;

performing linear welding towards one end of the waist of
rail,

performing welding to the position at the third preset
distance from the other side wall;

performing linear welding to the other end of the waist of
rail;

performing welding to the center of the weld seam at the
other end of the waist of rail; and

performing lifting back to the center of the weld seam at
one end of the waist of rail along the center line of the
weld seam; and

a module for welding a head of rail, configured to control
the welding gun to perform welding in the lengthwise
direction of the weld seam along the first swing trajec-
tory, between one end of the head of rail and the other
end of the head of rail, to form multiple weld layers.

The present disclosure further discloses an electronic

device, including a memory and at least one processor,
wherein the memory stores at least one instruction, and the
at least one instruction, when executed by the at least one
processor, implements the above rail welding method.

The present disclosure has the following beneficial

effects:

(1) The welding process is easy to operate. Weld preheat-
ing is not necessary, so that the complexity of a
high-carbon welding technology is reduced. The weld-
ing method has an extremely high practical promotion
value.

(2) The automatic arc welding process can be completed
by using the self-shielded flux-cored welding wire if
the rail adopts a vertical groove. By adopting the
welding technology and trajectories of the present
disclosure, the welding process is highly repeatable,
and welded joints have stable and reliable quality and
high performance. The mechanical properties of the
welded joints can meet mechanical testing require-
ments such as static bending and drop weight of the
national standard of flash welding.

(3) A welding trajectory has a very good adaptability.
Welding parameters can be adjusted as a width D of the
weld seam and the second preset distance D1 change,
so as to ensure a sufficient fusion amount, uniformity
and consistency of side wall fusion.

(4) In the welding of the bottom of rail, a combination of
the first swing trajectory welding and linear movement
is adopted to ensure uniform heat input between weld
layers.

BRIEF DESCRIPTION OF THE FIGURES

The above features and technical advantages of the pres-
ent disclosure will become clearer and easier to understand
by describing the embodiments in combination with the
following drawings.

FIG. 1 is a cross-section view of rail welding process
according to an embodiment of the present disclosure;

FIG. 2 is a schematic diagram of a first swing trajectory
according to an embodiment of the present disclosure;
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FIG. 3 is a schematic diagram of a second swing trajec-
tory according to an embodiment of the present disclosure.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS

The embodiments of the present disclosure will be
described below with reference to the accompanying draw-
ings. Persons of ordinary skill in the art can recognize that
the described embodiments can be modified in various
different ways or combinations without departing from the
spirit and scope of the present disclosure. Therefore, the
drawings and descriptions are illustrative in nature and are
not intended to limit the scope of protection of the claims.
In addition, in this specification, the drawings are not drawn
to really scale, and same reference numerals represent same
parts.

The rail welding method of this embodiment is used for
welding between rails. The rail 100 includes a head of rail,
a waist of rail below the head of rail and a bottom of rail
below the waist of rail. A width of the head of rail is greater
than that of the waist of rail and less than that of the bottom
of rail. Considering field working conditions and an opera-
tion time requirement, weld seams of the rail adopt vertical
grooves. A welding material adopts a self-shielded flux-
cored wire, and a narrow-gap side wall fusion welding
method is adopted. A narrow gap refers to that a width of a
weld seam is between 15 mm and 23 mm. In a welding
process, a welding gun is controlled to move to fill a weld
seam with a welding wire. Therefore, a movement trajectory
of the welding gun and information such as a welding
current and an arc voltage in the moving process are key to
affect the performance of a welded joint. A welding current
for the bottom of rail is 170 A to 260 A, and an arc voltage
is 19 V to 25.5 V. A first layer adopts a welding technology
in which both sides are formed while welding is performed
on one side. Smaller welding technology parameters can
better ensure the forming quality of a back surface of the
bottom of rail. Therefore, a welding current for the first layer
is 170 Ato 210 A, and an arc voltage is 19 V to 23 V. Specific
parameters used are related to a width of a weld seam, an
external environment (such as an atmospheric pressure) and
a bottom plate used for backing welding. A welding current
for other layers of the bottom of rail is 200 A to 260 A, and
an arc voltage is 20.5 V to 25.5 V. Specific parameters used
are related to a welding position and the number of weld
layers.

A welding current for the head of rail is 200 A to 240 A,
and an arc voltage is 21 V to 25 V. A welding current for the
waist of rail is 220 A to 250 A, and an arc voltage is 21 V
to 25 V. Specific parameters used are related to a welding
position and the number of weld layers.

The rail welding method includes the following steps:

Step S1: welding the bottom of rail, wherein welding is
repeatedly performed in a lengthwise direction of a weld
seam along a first swing trajectory, from one end of the
bottom of rail to the other end of the bottom of rail, to form
multiple weld layers.

As shown in FIG. 2, before a first swing trajectory is
performed for many times, trajectory 11 and trajectory 12
are first performed. In trajectory 11, a welding gun does a
linear motion to be ignited along a center of the weld seam.
Usually, this motion is performed on an arc striking plate.
This step is mainly to ignite an arc and make the combustion
stable. A motion length may be 5 mm to 10 mm. Trajectory
12 then swings to a position at a first preset distance from a
side wall. This step is to achieve transition between arc
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striking and normal swing for cyclic welding. A swing angle
[ is 40° to 90°. If the weld seam D is relatively wide, there
may be a linear motion in a width direction of the weld seam
in this step.

Welding is then performed along the first swing trajectory
from a right end (one end of the bottom of rail) to a left end
(the other end of the bottom of rail). A first weld layer 1 is
completed by welding along multiple first swing trajectories.
The welding gun is lifted to move to one end of the bottom
of rail along the center line of the weld seam.

Similarly, welding of a second weld layer 2, a third weld
layer 3 and a fourth weld layer 4 can be performed succes-
sively until the welding of the bottom of rail is completed.
Since the bottom of rail is relatively long, in order to ensure
the uniformity and consistency of the weld seam, weaving
welding and linear motion are combined to weld the bottom
of rail. That is, after the welding of the first weld layer 1 is
completed, and the welding gun is lifted to a certain height,
the welding gun linearly moves to an arcing section (the
dotted arrow below the second layer in FIG. 1) at one end
of the bottom of rail along the center of the weld seam, and
the welding of the second weld layer 2 is still completed by
weaving welding from the arcing section. This ensures that
a temperature difference between front and rear weld layers
is not too large during the welding of each layer, so that the
whole weld seam is heated uniformly. The subsequent
welding of the third weld layer 3 and fourth weld layer 4 is
similar to the welding of the second weld layer 2. The
specific number of weld layers to be welded for the bottom
of rail is related to different rail models, and will not be
limited here.

Further, the first swing trajectory includes:

In trajectory 13, oblique welding is performed, towards
one end of the bottom of rail, from a position at a first preset
distance D1 from a side wall 10 to a position at a second
preset distance D2 from the side wall 10. A value of the
second preset distance is between 0.5 mm and 4 mm. An
angle y between a wire tip and the side wall is within a range
of 0° to 45° at the second preset distance.

In trajectory 14, linear welding is performed for a first
side wall welding length towards the other end of the bottom
of rail. Trajectory 14 adopts narrow-gap side wall welding.
The first side wall welding length may be 4 mm to 16 mm.
Furthermore, in the first swing trajectories executed in
sequence, the first side wall welding length gradually
increases to a fixed value.

In trajectory 15, welding in an arc is performed to a
position at the first preset distance D1 from the other side
wall 10, which mainly realizes that the welding gun is
moved to the other side of the weld seam during the welding
of' a weld seam region. A swing angle o of this step is 130°
to 180°.

In trajectory 16, oblique welding is performed, towards
one end of the bottom of rail, to a position at the second
preset distance D2 from the other side wall, which is similar
to trajectory 13, but only a swing direction is opposite.

In trajectory 17, linear welding is performed for the first
side wall welding length towards the other end of the bottom
of rail, which is similar to trajectory 14 and will not be
described in detail here.

In trajectory 18, welding in an arc is then performed to the
position at the first preset distance D1 from the side wall,
which is similar to trajectory 14, but only a swing direction
is opposite.

The welding of the first swing trajectory is completed
once from trajectory 13 to trajectory 18. The second preset
distance is shorter than the first preset distance. It should be
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noted that the first preset distance D1 and the second preset
distance D2 of the two side walls are not strictly the same.

Step S2: welding a waist of rail, wherein welding is
repeatedly performed in the lengthwise direction of the weld
seam along a second swing trajectory, from one end of the
waist of rail, to form multiple weld layers. A movement
trajectory of a welding gun used for the waist of rail is as
shown in FIG. 3. The welding of each layer of the waist of
rail is separately performed on two ends, two side walls and
a center of the weld seam. The movement trajectory of the
entire welding gun is as shown in FIG. 3. A welding cycle
of each layer is divided into 12 steps. Steps 101 to 106
mainly achieve welding of the left side (the upper side in
FIG. 3) and completion of preparation work of welding of
the right side. Steps 107 to 112 achieve welding of the right
side (the lower side in FIG. 3) and completion of pre-
welding preparation of welding of a next layer.

The second swing trajectory includes:

In trajectory 101, welding is performed to a position at a
third preset distance D3 from the side wall, from a center of
the weld seam at one end of the waist of rail to the side wall
10.

In trajectory 102, linear welding is then performed to the
other end of the waist of rail to achieve fusion of the side
wall.

In trajectory 103, weaving welding is performed to a
position at the third preset distance D3 from the other side
wall.

In trajectory 104, linear welding is performed to one end
of the waist of rail to achieve fusion of the side wall.

In trajectory 105, weaving welding is performed back to
the center of the weld seam at one end of the waist of rail.

In trajectory 106, welding is performed along the center
line of the weld seam to the other end of the waist of rail to
achieve welding of a weld seam region.

In trajectory 107, welding is performed, towards the side
wall, to the position at the third preset distance D3 from the
side wall.

In trajectory 108, linear welding is performed towards one
end of the waist of rail.

In trajectory 109, weaving welding is performed to the
position at the third preset distance D3 from the other side
wall.

In trajectory 110, linear welding is performed to the other
end of the waist of rail.

In trajectory 111, weaving welding is performed to the
center of the weld seam at the other end of the waist of rail.

In trajectory 112, lifting is performed back to the center of
the weld seam at one end of the waist of rail along the center
line of the weld seam. The trajectory is a lifting and
stretching movement, which is a transition of welding of two
adjacent weld layers.

Step S3: welding a head of rail, wherein welding is
performed in a reciprocating manner in the lengthwise
direction of the weld seam along the first swing trajectory,
between one end of the head of rail and the other end of the
head of rail, to form multiple weld layers. The first swing
trajectory of the welding of the head of rail is the same as the
first swing trajectory of the welding of the bottom of rail,
except that the head of rail can be welded in the recipro-
cating manner. That is, the welding is performed along the
first swing trajectory from one end of the head of rail to the
other end of the head of rail and is then performed along the
first swing trajectory from the other end of the head of rail
to the end of the head of rail. Of course, it is not excluded
that the welding is performed along the first swing trajectory
from one end of the head of rail to the other end of the head
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of rail; the welding gun is lifted back to one end of the head
of rail; and the welding is then performed along the first
swing trajectory from one end of the head of rail to the other
end of the head of rail.

Further, trajectory 101, trajectory 105 and trajectory 109
are on a first circular arc, and trajectory 103, trajectory 107
and trajectory 111 are on a second circular arc. Protruding
directions of the first circular arc and the second circular arc
are opposite. Specifically, the first circular arc protrudes to
one end of the waist of rail, and the second circular arc
protrudes to the other end of the waist of rail. A depth D4 of
the first and second circular arcs is between 0.5 mm and 3
mm.

The present disclosure further provides a rail welding
device, including:

a module for welding a bottom of rail, configured to
control a welding gun to perform repeated welding
along a first swing trajectory in a lengthwise direction
of a weld seam, from one end of the bottom of rail to
the other end of the bottom of rail, to form multiple
weld layers;

further including a first swing trajectory unit, configured
to control the welding gun to complete a first swing
trajectory, the first swing trajectory includes:

performing, towards one end of the bottom of rail, oblique
welding from a position at a first preset distance from
a side wall to a position at a second preset distance from
the side wall;

then performing linear welding for a first side wall
welding length towards the other end of the bottom of
rail; performing welding in an arc to a position at the
first preset distance from the other side wall; perform-
ing, towards one end of the bottom of rail, oblique
welding to a position at the second preset distance from
the other side wall; performing linear welding for the
first side wall welding length towards the other end of
the bottom of rail; and performing welding in an arc to
the position at the first preset distance from the side
wall,

wherein the second preset distance is shorter than the first
preset distance;

a module for welding a waist of rail, configured to control
the welding gun to perform repeated welding in the
lengthwise direction of the weld seam along a second
swing trajectory, from one end of the waist of rail, to
form multiple weld layers

further including a second swing trajectory unit, config-
ured to control the welding gun to complete the second
swing trajectory, the second swing trajectory including:

performing welding to a position at a third preset distance
from the side wall, from a center of the weld seam at
one end of the waist of rail to the side wall;

then performing linear welding to the other end of the
waist of rail;

performing weaving welding to a position at the third
preset distance from the other side wall,

performing linear welding to one end of the waist of rail;

performing weaving welding back to the center of the
weld seam at one end of the waist of rail,

performing welding to the other end of the waist of rail
along a center line of the weld seam, and

performing, towards the side wall, welding to the position
at the third preset distance from the side wall;

performing linear welding towards one end of the waist of
rail, and

performing welding to the position at the third preset
distance from the other side wall;
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performing linear welding to the other end of the waist of

rail;

performing welding to the center of the weld seam at the

other end of the waist of rail; and

performing lifting back to the center of the weld seam at

one end of the waist of rail along the center line of the
weld seam; and

a module for welding a head of rail, configured to control

the welding gun to perform welding in the lengthwise
direction of the weld seam along the first swing trajec-
tory, between one end of the head of rail and the other
end of the head of rail, to form multiple weld layers.

The present disclosure further provides an electronic
device. In this embodiment, the rail welding method can be
applied to the electronic device to control rail welding
trajectories. Specifically, for an electronic device that needs
to perform rail welding, functions of the rail welding method
of the present disclosure can be directly integrated on the
electronic device, or are run on the electronic device in the
form of a software development kit.

A hardware device architecture for realizing the rail
welding method is described below. The electronic device
includes a memory and at least one processor. The memory
is configured to store program codes and various data, such
as a rail welding program installed in the electronic device,
and to realize high-speed and automatic accessing to the
programs or the data during the running of the electronic
device. The memory includes a read-only memory, a pro-
grammable read-only memory, an erasable programmable
read-only memory, a one-time programmable read-only
memory, an electronically erasable rewritable read-only
memory, a read-only optical dis or other optical disc memo-
ries, a magnetic disk memory, a magnetic tape memory, or
any other computer-readable storage media capable of car-
rying or storing data.

The at least one processor may be composed of integrated
circuits, for example, a single packaged integrated circuit, or
may be composed of multiple integrated circuits packaged
with the same function or different functions, including a
combination of one or more of a central processing unit, a
microprocessor, a digital processing chip, a graphics pro-
cessor and various control chips, and the like. The at least
one processor is a control core of the electronic device,
which uses various interfaces and lines to connect various
components of the entire electronic device. Various func-
tions of the electronic device and data processing, for
example, the functions of the rail welding method, can be
performed by means of running or executing the programs
or modules stored in the memory and invoking the data
stored in the memory.

The rail welding method can be divided into a plurality of
functional modules composed of program code segments.
The various functional modules are different program codes
divided correspondingly to the above rail welding method.
The program codes of the various program segments can be
stored in the memory and executed by the at least one
processor to implement the rail welding method.

The above descriptions are only preferred embodiments
of the present disclosure, and are not intended to limit the
present disclosure. For those skilled in the art, the present
disclosure can have various changes and variations. Any
modification, equivalent replacement, improvement, etc.
made within the spirit and principle of the present disclosure
shall all fall within the protection scope of the present
disclosure.
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What is claimed is:
1. A rail welding method, the rail comprising a bottom of
rail, a waist of rail and a head of rail, wherein weld seams
of the rail adopt vertical grooves, and are welded using a
narrow-gap side wall fusion welding method; and the
method comprises:
welding the bottom of rail, wherein welding is repeatedly
performed along a first swing trajectory in a lengthwise
direction of a weld seam, from one end of the bottom
of rail to an other end of the bottom of rail opposite to
the one end of the bottom of rail in the lengthwise
direction of the weld seam, to form multiple weld
layers,
welding the waist of rail, wherein welding is repeatedly
performed in the lengthwise direction of the weld seam
along a second swing trajectory, from one end of the
waist of rail, to form multiple weld layers, wherein the
second swing trajectory is divided into two regions for
respective welding in a width direction of the weld
seam; and
after the welding of the bottom of rail and the waist of rail,
welding the head of rail, wherein the welding is per-
formed in the lengthwise direction of the weld seam
along a third swing trajectory, between one end of the
head of rail and an other end of the head of rail opposite
to the one end of the head of rail in the lengthwise
direction of the weld seam, to form multiple weld
layers,
wherein the first swing trajectory comprises:
performing, towards the one end of the bottom of rail,
linear welding from a position at a first preset distance
from a side wall of the bottom of rail to a position at a
second preset distance from the side wall of the bottom
of'rail, wherein an angle between a wire tip and the side
wall of the bottom of rail is greater than 0° and less than
or equal to 45° at the second preset distance;

performing linear welding along the side wall of the
bottom of rail for a first side wall welding length to the
other end of the bottom of rail, and then welding in a
first single arc to a position at the first preset distance
from an other side wall of the bottom of rail, wherein
an angle of welding in the first single arc is within a
range of 130° to 180° and the first single arc protrudes
to the one end of the bottom of rail;
performing, towards the one end of the bottom of rail,
linear welding to a position at the second preset dis-
tance from the other side wall of the bottom rail,
wherein an angle between the wire tip and the other
side wall of the bottom of rail is greater than 0° and less
than or equal to 45° at the second preset distance; and

then performing linear welding along the other side wall
of the bottom of rail for the first side wall welding
length to the other end of the bottom of rail, and then
welding in a second single arc to a position at the first
preset distance from the side wall of the bottom of rail,
wherein an angle of welding in the second single arc is
within a range of 130° to 180° and the second single arc
protrudes to the one end of the bottom of rail;

wherein the second preset distance is shorter than the first
preset distance;

the second swing trajectory comprises:

performing welding in a third single arc to a position at
a third preset distance from a side wall of the waist
of rail, from a center of the weld seam at the one end
of the waist of rail to the side wall of the waist of rail;

then performing linear welding to an other end of the
waist of rail;
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performing welding in a fourth single arc to a position
at the third preset distance from an other side wall of
the waist of rail,
performing linear welding to the one end of the waist
of rail;
performing welding in a fifth single arc back to the
center of the weld seam at the one end of the waist
of rail,
performing linear welding to the other end of the waist
of rail along a center line of the weld seam, wherein
the center line of the weld seam is parallel to the
lengthwise direction of the weld seam,
performing, towards the side wall of the waist of rail,
welding in a sixth single arc to the position at the
third preset distance from the side wall of the waist
of rail;
performing linear welding towards the one end of the
waist of rail,
performing welding in a seventh single arc to the
position at the third preset distance from the other
side wall of the waist of rail;
performing linear welding to the other end of the waist
of rail;
performing welding in an eighth single arc to the center
of the weld seam at the other end of the waist of rail;
performing lifting back to the center of the weld seam
at the one end of the waist of rail along the center line
of the weld seam, wherein the third single arc, the
fifth single arc, and the seventh single arc are on a
first circular arc; the fourth single arc, the sixth single
arc, and the eighth single arc are on a second circular
arc, and wherein protruding directions of the first
circular arc and the second circular arc are opposite,
such that the first circular arc protrudes to the one
end of the waist of rail and the second circular arc
protrudes to the other end of the waist of rail, and
wherein the third swing trajectory presents a same
pattern as the first swing trajectory.
2. The rail welding method according to claim 1, wherein
in the welding of the bottom of rail, after the welding is
performed from one end of the bottom of rail to the
other end of the bottom of rail along the first swing
trajectory in the lengthwise direction of the weld seam,
a welding gun is lifted to be moved to one end of the
bottom of rail along the center line of the weld seam,
and the welding along the first swing trajectory is
performed; and
in the welding of the head of rail, after the welding is
performed from one end of the head of rail to the other
end of the head of rail along the first swing trajectory
in the lengthwise direction of the weld seam, the
welding along the first swing trajectory is then per-
formed from the other end of the head of rail to the
other end of the head of rail.
3. The rail welding method according to claim 1, wherein:
a value of the second preset distance is between 0.5 mm
and 4 mm; and
the first side wall welding length is 4 mm to 16 mm.
4. The rail welding method according to claim 1, wherein

before the first swing trajectory,

the welding gun does a linear motion to be ignited along
the center line of the weld seam, and swings at an angle
of 40° to 90° to the position at the first preset distance
from the side wall of the bottom of rail.

5. The rail welding method according to claim 1, wherein

a self-shielded flux-cored wire is used for welding.
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6. The rail welding method according to claim 1, wherein
a width of the weld seam is between 15 mm and 23 mm.

7. The rail welding method according to claim 1, wherein

a welding current for the bottom of rail is 170 A to 260 A,
and an arc voltage is 19 V to 25.5 V, wherein a welding 5
current for a first layer is 170 A to 210 A, and an arc
voltage is 19 V to 23 V; a welding current for other
layers of the bottom of rail is 200 A to 260 A, and an
arc voltage is 20.5 V1o 255 V;

a welding current for the waist of rail is 220 A to 250 A, 10
and an arc voltage is 21 V to 25 V; and

a welding current for the head of rail is 200 A to 240 A,
and an arc voltage is 21 Vto 25 V.
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